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Abstract 

The Spitsbergen archipelago is at the junction of the northern segment of the Norwegian-Greenland Basin and the 

western part of the Arctic Ocean, which makes it a key area for deciphering the formation history and geological 

structure of the region. Crystalline basement rocks and sedimentary cover units outcrop here, including those that con-

stitute the petroleum-bearing complexes of the shelf. There is a clear need to substantiate the presence of evidence for 

the Baikalian (Timanian) tectono-magmatic activation within the Earth’s crust of the Spitsbergen archipelago, as well 

as to determine the conditions of its manifestation. To address this objective, a comprehensive description of the Troll-

heimen volcanogenic formation – whose rocks are known within Oscar II Land – is provided for the first time, based 

on the authors’ own data. We examine geotectonic features, material composition, age, and geodynamic interpretations 

of the formation settings. The authors identified that the sedimentary-volcanogenic complex described in the moun-

tainous glacial part of Oscar II Land was formed during the Vendian (574-558 Ma) as a result of tectono-magmatic 

activation of the epi-Grenvillian paraplatform. They provide the petrographic and petro-geochemical profile of the 

identified metabasalts, metaandesites, and metatuffs. The results of studying the petrochemical features of the Troll-

heimen volcanogenic formation indicate magma generation at great depths; the rift-related nature of these formations 

is determined. The authors carry out a correlation with the previously identified sedimentary-volcanogenic complex of 

the Chamberlaindalen Series in the northern part of Wedel Jarlsberg Land. The presented data confirm the previously 

proposed arguments for the Vendian-Baikalian, Timanian intraplate activation in the archipelago, as well as the wide-

spread development of these complexes within the cover of the epi-Grenvillian paraplatform of Spitsbergen. 

 
Keywords 

Spitsbergen archipelago; Oscar II Land; sedimentary-volcanogenic complex; Trollheimen Formation; mafic volcanism; 

metavolcanic rocks; Vendian; zircon; absolute age; tectono-magmatic activation 

 
Funding 

None. 

 
Received: 30.05.2025                 Accepted: 04.03.2026                  Online: 15.05.2026                  Published: 20.07.2026 

 

 

Introduction 

The relevance of this study stems from the need to substantiate the existence of evidence for the 

Baikalian (Timanian) tectono-magmatic activation [1-3] within the Earth’s crust of the Spitsbergen 

archipelago and the conditions of its manifestation [4, 5]. Relatively recently, a sedimentary-volcano-

genic complex of Vendian age was identified in Wedel Jarlsberg Land (WJL), described as the Cham-

berlaindalen Series [6]. Analysis of the rock composition and their absolute age, as well as other 

features of this complex, indicates a rift-related nature of its formation at the peak of tectono- 

magmatic activation of the ancient epi-Grenvillian paraplatform. However, a question arises regarding 

the scale of this event and its manifestation in other areas of the archipelago. This study presents 

unique data on another sedimentary-volcanogenic complex of Vendian age, identified by the authors 
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within Oscar II Land on the western coast of Spitsbergen. This discovery not only supplements  

existing knowledge about tectonomagmatic processes in the region but may also significantly expand 

the understanding of geodynamic processes that occurred in this area in the past. Thus, the work is of 

considerable importance for further study of the geological history of the archipelago and its tectonic 

evolution. 

Geological framework of the study area 

According to current understanding, two main structural levels separated by a structural uncon-

formity are distinguished in the basement of the Barents Plate in the Spitsbergen Anticline area: the 

Lower Proterozoic – Middle Riphean crystalline basement and the Upper Riphean – Lower Paleozoic 

ancient platform cover (paraplatform), which underwent later dislocations, magmatism, and partial me-

tamorphism during the Baikalian – Timanian, as well as during the Devonian continental rifting [7, 8].  

The crystalline basement of the archipelago is composed of rocks from three lithostructural com-

plexes [5]. The lower complex (PR1) is represented by a sedimentary-volcanogenic sequence, the 

regional metamorphism of which dates back to 1750 Ma. The middle complex (RF1) is characterised 

by amagmatic features and was formed in a passive continental margin setting. Zonal metamorphism 

reaching amphibolite facies conditions is dated to the Middle Riphean. The upper complex (RF2), 

rift-related in nature, has a sedimentary-volcanogenic character. Low-temperature alterations are as-

sociated with burial metamorphism, while the repeated progressive metamorphism of some blocks is 

linked to the Baikalian and Caledonian tectono-magmatic activation events. 

The ancient platform cover (RF3-PZ1) is represented by characterised by fossil assemblages  

successions formed under “platformoid” conditions [1, 3] and in fact constitutes the cover of the  

epi-Grenvillian paraplatform. Minimal metamorphism is typical for the lower parts of the complex. 

In the WJL area, sedimentary-volcanogenic formations of the Chamberlaindalen Series (V2) are iden-

tified within this cover; these formations are the result of the Baikalian (Timanian) tectono-magmatic 

activation [6]. A thick Devonian graben complex (D1-2), known in the central part of the archipelago, 

owes its origin to the Caledonian rifting [9]. 

The study area (southern part of Oscar II Land) is within the western coast of Spitsbergen (WCS), 

which has a highly complex structure (Fig.1) due to the strong impact of Alpine orogeny. The Middle 

Riphean volcanogenic complex is represented here by thick (over 3000 m) Werenskioldbreen vol-

canogenic-sedimentary series [10]. In the stratotype section, described in WJL, the series consists of 

actinolite and chlorite-mica schists with quartzite interlayers; quartzite-sandstones with interlayers of 

chlorite and mica schists; felsic volcanics. In sections from other areas of the WCS, well-preserved 

horizons of metabasalts and muscovite-plagioclase-quartz rocks with relicts of porphyritic structures 

were recorded; these represent felsic meta-effusive rocks [11]. The lower contact of the series is tec-

tonic; the upper boundary is described as a structural unconformity with the overlying rocks of the 

Upper Riphean Sofiebogen Series [12]. Intrusive formations in WJL are represented by gabbro-

granite and peridotite-gabbro bodies. The following ages were obtained for these rocks: for intru-

sive rocks (U-Pb, Rb-Sr) 1278-1072 Ma; for volcanics of the Werenskioldbreen Series (U-Pb) 

1201-919 Ma [13]. New data for the northern part of WJL yield a U-Pb age of 1152-936 Ma for mafic 

and felsic intrusive rocks [6]. Identical petrological profile and geological setting were described for 

the Middle Riphean sedimentary-volcanogenic complex in the eastern part of the archipelago [14]. 

Therefore, we can assert that the structural unconformity between the Middle and Upper Riphean 

complexes in Spitsbergen is regional and marks the contact between the top of the ancient crystalline 

basement and the base of the epi-Grenvillian paraplatform. 

Within the recently identified sedimentary-volcanogenic sequence of the Chamberlaindalen Se-

ries (V2) in WJL (Fig.1), horizons of weakly metamorphosed basalts, andesite-basalts, andesites and 

their tuffs with interlayers of phyllites, quartzites, and limestones are widely represented. The contacts 

with adjacent complexes are tectonic. These volcanic rocks are characterised by U-Pb zircon ages of 
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593-559 Ma [6]. The nature of the volcanic 

rocks and the predominantly pelitic com-

position of the metasedimentary rocks in-

dicate that the sedimentary-volcanogenic 

sequence formed during a single tectono-

magmatic cycle. During this cycle, mode-

rately alkaline mafic volcanism was com-

bined with a high degree of chemical 

weathering of rocks in the source areas of 

the Vendian sediment supply. This allows 

us to conclude that the depositional settings 

of the sedimentary-volcanogenic sequence 

were close in nature to continental rifting. 
 

Thus, in Spitsbergen, two stages of 

intraplate volcanism are identified for the 

Late Proterozoic: Middle Riphean – Gren-

villian, which concluded the formation of 

the ancient crystalline basement, and Ven-

dian – Baikalian, Timanian, which oc-

curred in a setting of intraplate tectono-

magmatic activation superimposed on the 

ancient paraplatform structures. 

In 2021-2023, during geological sur-

veying in the southern part of Oscar II 

Land, the authors described outcrops of a 

sedimentary-volcanogenic sequence in the 

heads of the Eidembreen and Esmarkbreen 

glaciers. Previous researchers identified 

these rocks as independent stratigraphic 

units, whose age was not determined and was assigned by different authors – by analogy with similar 

complexes of the archipelago – as ranging from Early to Late Riphean [15, 16]. Work carried out 

in the 1960-1970s identified a sedimentary-volcanogenic sequence here, dated as the Middle-Late 

Riphean. The sequence was stratified into two parts: a lower carbonate-terrigenous-volcanogenic 

unit and an upper terrigenous unit [17-19], both united into the St. Jonsfjorden Group. Later, 

W.B.Harland [20] revised the age interpretation of the St. Jonsfjorden Group rocks and proposed  

a Vendian age, uniting them with the Comfortlessbreen Group into a single Vendian straton. 

In 2003, Norwegian geologists, while compiling the 1:100,000 geological map for this area, 

identified the rocks of the complex as the Trollheimen and Løvliebreen formations [21] and united 

them into the St. Jonsfjorden Group together with the carbonate-terrigenous sequence – the Daud-

manns and Alkhornet formations. However, the Norwegians define the age of this complex as Meso-

proterozoic. 

Thus, the main objective of the present study is to determine the composition and age of the 

sedimentary-volcanogenic complex of the Trollheimen Fm., which is exposed on nunataks in the 

southern part of Oscar II Land and has tectonic contacts with the Riphean-Vendian deposits. The 

rocks of the formation consist of weakly metamorphosed mafic volcanics. Geological contacts with 

underlying and overlying rocks are not observed, leading to ambiguous assessments of their struc-

tural position. The new authors’ chart is presented in Fig.2. 

 

 

 

1 – Devonian terrigenous complex; 2 – sedimentary cover complex (PZ3-MZ); 

3 – metamorphic basement complexes (PR1); 4 – sedimentary cover  
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Fig.1. Geological structure of the Spitsbergen archipelago 
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Fig.2. Geological map (a) and cross-section (b) of the southern part of Oscar II Land, scale 1:100,000, compiled by A.N.Sirotkin 
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Trollheimen Formation  

The Trollheimen Fm. was first mapped in the southern part of Oscar II Land [21] as the lowest 

part of the Riphean sequence. In various maps by previous researchers, it was marked as the Middle-

Upper Riphean. The rocks of the formation create rocky nunataks in the area of the Trollheimen ice 

field and are exposed along the margins of the Eidembreen and Esmarkbreen glaciers (Fig.3). 

The dominant rocks of the Trollheimen Fm. are metavolcanics, typically exhibiting porphyritic 

textures. Among these, metabasalts, metaandesites, as well as various metatuffs and metatuff breccias 

can be distinguished. The rocks display structural and textural diversity and a wide colour range: from 

dark grey and grey to grey-green and brown. Within the formation’s sequence, the rocks form indi-

vidual layers that alternate and interbed with each other. Thickness of individual layers varies from 

1-2 m to tens of metres. Porphyritic textures are most common, while brecciated and aphyric textures 

are less frequent. Porphyritic phenocrysts are represented by light-coloured carbonate; they are often 

green (filled with actinolite or chlorite) and black pyroxenes. The size of phenocrysts reaches 1-2 cm, 

though more commonly 2-3 mm. The rocks underwent metamorphism under greenschist facies con-

ditions, so the groundmass generally has a quartz-carbonate-actinolite-chlorite composition. The rock 

texture is schistose; rocks with nearly massive texture are rare. Porous texture, observed in outcrops 

of metavolcanic rocks, is interpreted as primary amygdaloidal texture, formed during the crystallisa-

tion of ancient lavas. 

Among the metavolcanic rocks, interlayers of terrigenous rocks occur, represented by metasand-

stones, metasiltstones, and metatuffites. These are usually dark grey and grey, although brownish 

varieties are also observed. The contacts with metavolcanic rocks are conformable but sharp. Thick-

ness of individual layers does not exceed 4-5 m. The visible thickness of the formation’s rocks in the 

nunataks amount to hundreds of metres; however, since the base of the formation is unknown, its 

total thickness can be estimated at over 1000 m. 

Løvliebreen Formation 

The Løvliebreen Fm. was identified by W.B.Harland [19] on the southern coast of St. Jonsfjorden. 

No contact with the rocks of the Trollheimen Fm. was observed. The Løvliebreen Fm. is represented 

by siltstones, quartzites, and gritstones; individual layers of metavolcanic rocks may also be present. 

The formation thickness reaches 500-600 m. Rock outcrops of the formation are recorded in the western 

and eastern parts of the Trollheimen ice field. The rock units of the Trollheimen and Løvliebreen 

formations are separated from surrounding complexes by major faults: in the west – by faults in the 

middle section of the Eidembreen Glacier; in the east – by a fault along the Esmarkbreen Glacier. 

Fig.3. Nunatak Spiret on the western edge of the Esmarkbreen Glacier, composed of metavolcanic rocks of the Trollheimen Fm.  

Absolute elevation 731 m 
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The rocks of the St. Jonsfjorden Series outcrop to the west of the described structure and are 

represented by two formations. The lower Daudmanns Fm. was first identified by S.I.Turchenko [22] 

in Oscar II Land; its stratotype is described in the area of the eponymous plain. Here, the formation 

is stratified into two units: a lower carbonate-shale unit and an upper quartzite-schist unit, with a total 

thickness of 3.0-3.5 km. The lower contact of the formation is unknown. The upper Alkhornet Fm. 

was identified by W.B.Harland [19] and conformably overlies the Daudmanns Fm. deposits. In terms 

of composition, the formation is divided into two subformations: a lower shale-carbonate subfor-

mation and an upper carbonate subformation. The thickness of the formation in the stratotype is 

550 m. Overlying Vendian rocks unconformably overlie the formation. Oncolite assemblages of Late 

Riphean-Vendian age are present in the rocks of the Daudmanns and Alkhorn formations. These 

correlate with oncoolites in the Upper Riphean Lomfjorden Series of Ny-Friesland Peninsula [23], 

indicating their Late Riphean age. 

The Comfortlessbreen Vendian Series caps the Precambrian sequence. The rocks of the series 

are mainly mica-carbonate schists. Their key feature is the presence of “floating” pebbles – isolated 

or sparse inclusions of xenogenic material in the form of flattened or elongated pebbles ranging in 

size from 2-3 mm to 25-30 cm. The pebbles have a carbonate, less commonly a quartz-carbonate-

mica composition. Mica-carbonate schists contain microfossils, which allow these deposits to be 

dated as the Vendian [22]. In the literature, the rocks of the series are interpreted as metatillites (Ven-

dian glacial deposits). In addition, quartzite interlayers are noted within the sequence. The thickness 

of the series reaches 600 m. 

Methods 

We studied metamagmatic and metasedimentary rocks of the Trollheimen Fm. Geochronological 

samples weighing approximately 3-4 kg each were collected from these rocks. After crushing and 

sieving the samples, heavy non-magnetic fractions containing zircon were separated using electro-

magnetic separation and heavy liquids. Zircon monofraction selection was carried out at the Central 

Analytical Laboratory (CAL) of VSEGEI and the laboratory of Kazan Federal University (KFU). 

Analyses of their isotopic composition were performed at the Centre of Isotopic Research (CIR) of 

VSEGEI. The age of zircon was determined by the local U-Pb method using a SHRIMP II ion mi-

croprobe, following the standard procedure [24]. Optical (in transmitted and reflected light) and ca-

thodoluminescent (CL) images of zircon were used to select dating points within zircon grains. 

Rock-forming elements were determined at the laboratory of VNIIOkeangeologia using wet chemis-

try methods. Trace elements were obtained at the CAL of VSEGEI based on ICP-MS analysis results 

(Table 1). When constructing REE distribution spectra, their concentrations were normalised to the 

contents: in CI chondrite, in primitive mantle, and in N-MORB basalts [25]. The study uses rock-

forming mineral symbols according to [26]. 
 

Table 1 

Compositions of metavolcanic rocks of the Trollheimen Fm., wt.% 

Components 

4765-1 4765-2 4765-3 4765-4 4766-1 4815-1 4815-2 

Chl-Act schist 

Porphyritic  

alkaline  

metapicrite 

Chl-Act schist 
Qz-Carb-Chl 

metapicrite 
Chl-Act schist Metatuff Metadolerite 

SiO2 45.51 31.72 45.03 36.80 45.59 42.33 46.81 

TiO2 3.49 3.82 3.33 2.64 3.43 4.17 2.93 

Al2O3 12.68 10.11 12.38 10.31 12.58 13.06 14.21 

Fe2O3 4.08 9.61 4.29 6.99 4.34 11.63 3.98 

FeO 8.96 2.73 8.46 2.08 8.82 3.31 7.28 

MnO 0.19 0.13 0.20 0.15 0.20 0.15 0.15 

MgO 7.93 4.05 8.46 2.25 8.61 4.07 6.86 

CaO 7.17 16.53 7.41 17.52 7.33 7.77 9.02 

Na2O 3.22 0.53 3.11 3.45 3.29 5.25 4.36 
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      Table 1 continued 

Components 

4765-1 4765-2 4765-3 4765-4 4766-1 4815-1 4815-2 

Chl-Act schist 

Porphyritic  

alkaline meta-

picrite 

Chl-Act schist 
Qz-Carb-Chl 

metapicrite 
Chl-Act schist Metatuff Metadolerite 

K2O 0.63 4.45 0.66 2.51 0.61 1.34 0.34 

P2O5 0.93 0.33 0.87 0.75 0.73 0.84 0.69 

LOI 4.78 15.90 5.34 14.11 4.52 6.15 3.37 

Total 99.56 99.92 99.54 99.57 100.00 100.10 100.00 

СО2 1.40 12.58 1.84 11.88 1.02 n.d. n.d. 

Sc 20.3 14.5 20.7 13.5 19.7 17.6 26.1 

Co 43.6 42 41.8 27.8 43.5 27.3 28.2 

Ni 121 181 113 65 118 113 98.8 

Cu 45.7 2.89 49.5 31.9 47.7 98.9 17.8 

V 218 112 229 184 223 226 236 

Cr 229 423 217 130 232 174 160 

Ga 20.3 19.4 20 14.2 20.5 23.1 21.2 

Rb 7.02 79.1 6.94 29.5 6.37 12.3 2.54 

Sr 441 604 480 636 471 449 2500 

Y 26.6 19.7 27.8 21.4 28 42.6 26.7 

Zr 245 289 243 225 256 405 208 

Nb 45.7 52 42.8 41.2 48.7 71.7 38.4 

Ba 160 600 126 745 147 306 329 

La 44.7 39.5 43.7 42.1 46.7 69.7 34.7 

Ce 98.6 90.4 97.3 86.6 104 145 73.7 

Pr 13.8 13.2 13.2 11.7 14 20.1 9.5 

Nd 57.7 55.4 57.9 45.3 60.6 91.5 42.3 

Sm 11.9 10.2 11.7 8.15 12 18.8 10 

Eu 3.48 2.83 3.42 2.81 3.93 5.82 2.84 

Gd 9.42 7.97 9.29 7.04 9.41 15.3 8.31 

Tb 1.22 1.03 1.3 0.97 1.22 2.01 1.14 

Dy 6.16 4.77 6.22 4.93 6.67 9.63 5.8 

Ho 1.05 0.88 1.13 0.87 1.24 1.71 1.02 

Er 2.51 2 2.68 2.13 2.92 4.13 2.47 

Tm 0.36 0.29 0.41 0.23 0.35 0.48 0.32 

Yb 2.1 1.73 2.11 1.6 2.05 2.96 1.84 

Lu 0.24 0.17 0.29 0.21 0.24 0.42 0.24 

Hf 6.62 7.23 6.55 5.98 6.83 10.8 5.36 

Th 2.42 2.73 2.45 2.84 2.68 5.33 2.88 
 

Components  

4818-1 4818-2 4818-3 4818-4 4863-1 4864-1 4864-2 

Carb-Chl shale 
Qz-Ms-Chl 

schist 
Metapicrite Metatuff 

Ms-Chl  

metapicro-

basalt 

Porphyry  

Chl-Act 

metabasalt 

Metaandesite 

SiO2 31.97 42.24 32.34 49.90 41.16 43.99 49.28 

TiO2 2.73 8.07 5.46 2.85 4.39 3.96 2.70 

Al2O3 10.43 12.04 14.23 10.30 13.31 10.72 12.93 

Fe2O3 8.61 10.43 0.61 11.75 9.24 5.93 4.37 

FeO 2.85 3.64 16.23 2.72 3.18 5.48 6.79 

MnO 0.19 0.11 0.13 0.07 0.13 0.13 0.15 

MgO 4.33 9.21 14.56 9.21 6.48 6.66 7.59 

CaO 17.54 3.07 4.27 3.05 6.95 10.54 7.80 

Na2O 4.78 0.14 0.15 1.56 3.75 3.66 3.20 

K2O 0.52 3.51 0.10 1.09 2.01 1.28 0.90 

P2O5 0.89 0.90 1.15 0.38 1.21 0.54 0.29 

LOI 14.96 6.98 10.90 6.88 7.93 6.91 3.67 

Total 99.79 100.00 100.10 99.75 99.73 99.80 99.66 

СО2 n.d. n.d. n.d. n.d. n.d. n.d. n.d. 

Sc 16.9 39.2 22.5 17.9 24.4 30.3 39.5 

Co 32.8 90.6 46.7 42.4 28.9 34.1 37 

Ni 109 199 295 227 95.1 213 148 

Cu 8.08 20.1 121 57.2 38.8 54.3 32.5 

V 235 389 371 219 214 248 200 

Cr 171 424 315 286 173 367 303 

Ga 17.3 24.2 22.9 14.7 17.6 16.5 18.1 
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      Table 1 continued 

Components 

4818-1 4818-2 4818-3 4818-4 4863-1 4864-1 4864-2 

Carb-Chl shale 
Qz-Ms-Chl 

schist 
Metapicrite Metatuff 

Ms-Chl  

metapicro-

basalt 

Porphyry  

Chl-Act 

metabasalt 

Metaandesite 

Rb 8.19 60.4 2 10.6 14.9 10.3 13.1 

Sr 512 167 154 110 267 232 874 

Y 24.9 24.2 28.6 17 25.6 26 26.2 

Zr 216 328 323 176 285 235 152 

Nb 36.3 47.9 55.5 30.4 39 18.7 13.1 

Ba 135 383 54.3 189 296 317 288 

La 32.9 27.4 46.1 22.3 33.4 19.9 13.7 

Ce 75.5 72.9 112 48.8 80.2 51.9 29.5 

Pr 10.2 10.3 15.4 6.39 11.6 7.99 4.02 

Nd 46.1 47.9 68.5 28 50.7 38.5 18.9 

Sm 10 10.3 14.3 6.09 10.3 8.97 4.85 

Eu 2.9 3.01 3.66 1.82 3.06 2.85 1.77 

Gd 8.22 8.74 11.1 4.85 9.52 7.95 5.89 

Tb 1.04 1.13 1.29 0.67 1.19 1.07 0.92 

Dy 5.47 5.63 6.68 3.64 6.16 5.65 5.27 

Ho 1.02 1.01 1.19 0.72 1.1 1.02 1.09 

Er 2.55 2.5 2.76 1.86 2.46 2.43 2.55 

Tm 0.31 0.3 0.43 0.16 0.33 0.29 0.35 

Yb 1.98 1.64 2.2 1.3 1.87 1.95 1.93 

Lu 0.25 0.21 0.33 0.17 0.25 0.24 0.28 

Hf 5.83 10.7 9 4.88 7.42 6.22 4.08 

Th 2.1 1.36 3.97 1.89 2.44 1.09 1.95 
 

Components 

4865-1 4865-2 4914-1 4914-2 4914-3 4914-5 4969-1 

Metapicro-

basalt 

Amygdaloidal 

picrobasalt 
Carb-Chl shale Carb-Chl shale 

Carbonated 

metapicrite 

Amygdaloidal 

metapicrite 

Carbonated 

metapicrite 

SiO2 44.59 41.22 37.91 38.18 34.71 32.72 32.35 

TiO2 4.26 2.48 4.44 4.26 2.95 3.31 2.37 

Al2O3 13.80 10.93 12.71 9.86 4.37 8.23 5.38 

Fe2O3 3.59 1.63 4.76 9.35 2.42 4.65 3.13 

FeO 7.94 6.94 6.52 3.68 2.02 7.10 5.02 

MnO 0.09 0.24 0.16 0.15 0.22 0.29 0.21 

MgO 9.29 7.36 9.58 8.55 4.60 7.00 2.63 

CaO 3.75 11.08 7.58 9.79 25.53 15.54 24.98 

Na2O 3.26 2.52 2.15 2.08 0.25 1.19 0.13 

K2O 0.84 0.61 0.30 0.99 0.61 0.65 0.99 

P2O5 1.42 0.99 0.87 0.52 0.87 0.67 0.85 

LOI 6.78 13.75 12.94 12.33 21.34 18.46 21.92 

Total 99.60 99.78 99.93 99.74 99.89 99.78 99.97 

СО2 n.d. n.d. 8.11 9.30 20.08 15.58 19.27 

Sc 14 11.5 18.3 30.6 23.7 28.9 21.6 

Co 29 21.7 32.4 60.0 30.6 47.7 48.0 

Ni 38.8 92.4 99.3 233.9 151.2 159 105.6 

Cu 33.8 24.9 42.5 40.1 336.6 54.3 68.8 

V 239 150 124 182 97.2 222 66.3 

Cr 44.8 197 218 475.7 489 354.7 191 

Ga 25.1 17 15.9 25.2 15.1 25.2 24.6 

Rb 10.5 6.35 11.0 17.3 16.3 15.9 22.0 

Sr 293 711 1153 291.9 795 643 836 

Y 37.5 26.3 20.1 22.4 17.3 24.3 36.5 

Zr 478 471 99.1 190.1 133.6 154.6 218.9 

Nb 93.1 34.7 22.4 49.2 34.0 39.7 47.7 

Ba 189 186 267 338.7 1375 315.5 287.5 

La 70.4 43.4 24.3 29.1 21.5 33.7 53.9 

Ce 158 107 57.8 70.2 51.2 82.6 103.6 

Pr 21.2 15.7 7.90 9.4 7.0 10.6 13.4 

Nd 86.9 69.5 40.8 45.2 33.8 51.0 64.0 

Sm 17.7 12.1 8.53 8.52 6.7 10.2 12.0 

Eu 4.53 3.38 2.73 2.44 2.1 2.8 3.31 

Gd 14.7 10.1 6.66 7.08 5.3 8.0 9.66 
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Table 1 continued 

Components 

4865-1 4865-2 4914-1 4914-2 4914-3 4914-5 4969-1 

Metapicro-

basalt 

Amygdaloidal 

picrobasalt 
Carb-Chl shale Carb-Chl shale 

Carbonated 

metapicrite 

Amygdaloidal 

metapicrite 

Carbonated 

metapicrite 

Tb 1.72 1.29 0.80 0.94 0.64 0.99 1.17 

Dy 8.85 5.94 3.72 4.61 3.18 4.83 6.04 

Ho 1.48 1.11 0.62 0.79 0.56 0.82 1.06 

Er 3.63 2.36 1.42 1.87 1.39 2.01 2.67 

Tm 0.50 0.30 0.18 0.23 0.17 0.24 0.33 

Yb 2.83 1.84 1.01 1.27 1.02 1.44 2.02 

Lu 0.38 0.24 0.14 0.16 0.13 0.18 0.28 

Hf 11.7 11.5 2.10 4.48 3.02 3.33 4.08 

Th 5.22 2.11 1.12 1.88 1.48 1.69 2.46 
 

Components 

4969-2 4969-3 4969-4 4969-6 4970-1 4970-3 4971-2 

Chl-Carb  

picrite 
Carb-Chl shale 

Porphyritic 

metapicrite 

Porphyritic 

metapicrite 
Carb-Chl shale 

Qz-Carb-Chl 

metapicrite 

Metapicro- 

basalt 

SiO2 20.01 39.35 31.54 36.35 31.65 40.45 41.85 

TiO2 2.45 3.52 4.19 2.77 3.20 3.64 6.45 

Al2O3 5.48 10.55 10.38 10.55 9.61 11.16 11.16 

Fe2O3 2.43 8.50 2.26 2.53 7.69 3.45 7.44 

FeO 6.54 2.56 8.25 8.70 4.30 9.82 8.16 

MnO 0.12 0.18 0.15 0.22 0.14 0.10 0.14 

MgO 2.70 4.61 6.61 7.18 7.29 9.40 12.18 

CaO 31.53 13.47 16.18 14.81 17.72 8.08 2.17 

Na2O 0.19 3.56 0.25 0.63 0.13 0.08 0.21 

K2O 0.44 1.60 1.86 0.23 0.23 0.76 1.72 

P2O5 0.54 0.90 1.96 1.20 0.32 0.51 0.75 

LOI 27.24 10.88 16.27 14.56 17.49 12.59 7.50 

Total 99.68 99.69 99.92 99.75 99.77 100.00 99.74 

СО2 25.05 9.05 11.51 10.00 13.60 6.27 1.34 

Sc 18.5 26.3 26.2 22.6 29.1 34.8 44.3 

Co 29.9 42.3 35.0 48.9 55.8 70.5 71.8 

Ni 92.5 227.2 50.6 84.3 222 284 116 

Cu 7.74 6.52 8.69 0.11 10.1 13.3 0.11 

V 131.2 213.9 249 199 231 157 465 

Cr 190.8 522 126.9 156.6 475 525 333 

Ga 22.3 29.3 39.0 35.2 25.6 30.6 35.1 

Rb 9.14 13.0 27.0 18.7 35.0 9.68 35.6 

Sr 890 752 749 531 553 181 173 

Y 21.7 26.0 37.0 29.7 20.4 25.3 25.1 

Zr 216 392 495 410 254 322 405 

Nb 48.4 73.2 88.8 68.5 59.2 65.9 66.4 

Ba 128.2 627 622 426 640 189 514 

La 34.8 47.3 64.9 56.7 30.1 41.2 34.2 

Ce 78.3 103.9 145.1 127.7 70.1 92.8 82.4 

Pr 10.0 13.1 19.7 15.5 8.88 11.5 10.9 

Nd 47.8 59.0 91.8 69.5 38.8 52.2 53.2 

Sm 9.19 10.7 16.4 11.7 7.33 9.52 10.5 

Eu 2.30 3.05 4.4 3.14 2.11 2.90 2.96 

Gd 6.80 7.94 12.1 8.43 5.80 7.24 7.99 

Tb 0.85 1.01 1.42 1.05 0.78 1.0 0.99 

Dy 4.23 4.98 7.05 5.39 4.15 5.17 4.94 

Ho 0.73 0.88 1.21 0.93 0.72 0.92 0.84 

Er 1.79 2.14 2.94 2.32 1.76 2.24 2.09 

Tm 0.22 0.26 0.35 0.29 0.21 0.27 0.25 

Yb 1.24 1.59 2.1 1.75 1.30 1.61 1.48 

Lu 0.15 0.20 0.27 0.21 0.16 0.21 0.20 

Hf 4.0 7.47 8.75 7.21 4.99 6.44 8.75 

Th 2.33 3.12 3.29 2.92 2.48 2.90 1.90 
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Rock petrography  

Metavolcanic rocks are microscopically 

represented by an association of newly formed 

metamorphic minerals. Among relict minerals, 

monoclinic pyroxene is present, represented by 

Aug (Ti-Aug). This mineral occurs as porphy-

ritic phenocrysts, emphasising the primary mag-

matic structure of the rocks, and within the 

groundmass. Phenocrysts can also be composed 

of Act, Ab, more commonly, calcite. Calcite 

phenocrysts are observed either as single grains 

or as aggregates of large grains of this mineral. 

The groundmass of the rocks is composed of 

Chl, Act, Carb, Ms, Ab, Ep, Qz, Spn, Cpx, and 

Kfs (Fig.4). Accessory minerals are represented 

by Zrn, Rt, Brt, and Ap. The rocks contain abun-

dant ore mineral, sometimes up to 50-60 %, rep-

resented by Py, Ilm, Ti-Mag, rarely Ccp. Cal in 

phenocrysts is generally magnesian, while Cal 

in the groundmass is, in contrast, enriched in Sr 

and Mn. Ab corresponds to plagioclase number 

0-1 in composition. Occasionally, Ab in the 

groundmass is slightly enriched in K or Fe. Light 

mica may be represented by Ms or, rarely, Pg. 

Mineral proportions in the rocks vary depending 

on their petrochemical composition, but overall, 

the metamorphic paragenesis is represented by 

Act + Chl + Ms + Ep + Ab + Carb + Opq, cor-

responding to metamorphism under greenschist 

facies conditions. The presence of primary mag-

matic minerals such as Ti-Aug and Kfs indicates 

elevated alkalinity of these volcanic rocks*. 

Metasedimentary rocks (siltstones, sandstones) 

of the Trollheimen Fm. are characterised by the 

Q + Chl + Ms + Carb + Opq paragenesis, which 

also corresponds to the greenschist facies. 

 

 

 

 

 

 

1
 

 

                                                      
*1Petrographic Code of Russia. Igneous, metamorphic, metasomatic, and impact formations. Ed. by O.A.Bogatikov, O.V.Petrov. 

St. Petersburg: VSEGEI Press, 2009, p. 200. 

                                                                    End of Table 1 
 

Components 

4972-2 4973-1 4975-3 

Act-Chl meta-

picrobasalt 
Metaandesite 

Chl-Act 

metabasalt 

SiO2 43.22 57.43 44.83 
TiO2 3.55 1.93 3.59 

Al2O3 8.72 10.91 10.23 
Fe2O3 1.29 2.46 4.74 

FeO 8.67 6.43 5.73 
MnO 0.14 0.10 0.14 

MgO 8.18 4.54 7.28 
CaO 10.89 4.79 12.33 

Na2O 0.47 0.28 1.63 
K2O 1.42 2.56 0.97 

P2O5 0.60 1.96 0.52 

LOI 12.95 6.61 7.82 
Total 100.10 100.00 99.80 

СО2 7.85 2.64 5.69 
Sc 28.8 27.7 38.1 

Co 48.9 37.3 50.6 
Ni 195 222 298 

Cu 0.13 36.0 34.1 
V 186 248 272 

Cr 386 498 750 
Ga 26.6 32.9 21.6 

Rb 22.7 48.3 8.28 
Sr 558 206 336 

Y 25.5 39.4 25.1 
Zr 332 169 251 

Nb 49.1 30.6 19.7 
Ba 708 481 444 

La 28.5 68.5 16.6 
Ce 70.2 137 43.6 

Pr 9.62 16.4 6.40 
Nd 47.6 75.8 33.3 

Sm 9.34 14.1 7.61 

Eu 2.64 4.69 2.43 
Gd 7.42 12.0 6.68 

Tb 0.92 1.41 0.85 
Dy 4.74 6.61 4.50 

Ho 0.86 1.12 0.81 
Er 2.06 2.65 2.00 

Tm 0.25 0.33 0.25 
Yb 1.49 2.02 1.43 

Lu 0.18 0.27 0.18 
Hf 6.45 3.06 5.19 

Th 1.89 1.79 0.65 
 
 

Fig.4. Thin section 4864-1 (+): relics of porphyritic Ti-Aug phenocrysts in metavolcanic rocks (left) (a); 

thin section 4975-3 (+): Carb – Act – Chl matrix of metavolcanic rocks (b) 

a b 

0.1 mm 0.1 mm 
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Petrochemistry 

Chemical composition of metavolcanic rocks is presented in Table 1. In terms of major element 

content, the studied rocks are mafic and ultramafic, rarely intermediate ones. They are characterised 

by the following variations in petrogenic elements, wt.%: SiO2 31.54-57.43; TiO2 1.93-8.07; Al2O3 

4.37-14.23; MgO 2.25-14.56; CaO 2.17-31.53; Na2O 0.08-5.25; K2O 0.10-4.45. Wide variations in 

loss on ignition (LOI) are noted – up to 27.24 %, which is related to low-temperature metamorphism 

of the rocks. In the TAS diagram, the imaging points of the rocks fall mainly into the fields of mo-

derately alkaline and alkaline rocks (trachybasalts, trachypicrites, alkaline basalts, and picrites), and 

to a lesser extent into the fields of normally alkaline rocks (basalts, picrites). One sample is separated 

from the others and falls into the andesite field (Fig.5, a). The use of normative mineral compositions 

of metavolcanic rocks (according to the CIPW norm) allowed to supplement the understanding of the 

types of these basaltoids (Fig.5, c). In the diagram, imaging points corresponding to rock compositions 

are divided into three groups: nepheline (and leucite)-normative alkaline rocks; olivine-pyroxene rocks 

corresponding to normal basalts; quartz-normative rocks, which may include both metaandesites and 

metatuffs (metatuffites). 

According to alkalinity type, these rocks are divided into two groups: high-K and calc-alkaline. 

On the К2О – Na2O diagram (Fig.5, b), a clear differentiation of rocks by alkalinity type is observed, 

which may indicate different depths of the parental magma origin. In terms of alumina index, the 

rocks are classified as low-alumina, with only a few samples being moderately aluminous. Based on 

magnesia content, these are low- and medium-magnesian rocks (Mg 0.29-0.53). The titanium index 

ranges from 19.7 to 66.7, classifying the rocks as high-titanium. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
Fig.5. Compositional characteristics of the Trollheimen Fm. metavolcanics:  

a – TAS diagram according to the Petrographic Code of Russia; b – К2О – Na2O diagram according to [27];  

c – Qu – Hy – Di – Ol – Ne + Le diagram; d – REE distribution spectra normalized to CI chondrite according to [25] 
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On variation diagrams SiO2 – petrogenic elements, the imaging points of the rocks form a single 

cloud with no signs of differentiation. The exception is the SiO2 – СaО diagram, which shows a strong 

inverse relationship, apparently indicating differentiation of rocks by basicity. Variation diagrams 

MgO – petrogenic elements show a direct correlation with TiO2, Al2O3, and ΣFe; an inverse relation-

ship is observed for СaО. There is no correlation between petrogenic elements and the sum of REE. 

REE distribution patterns (Fig.5, d) are characterised by a slight smooth slope from light REE to 

heavy REE and the absence of a pronounced Eu minimum (Eu/Eu* 0.856-1.131). The total REE 

content varies significantly, ranging from 91.02 to 392.82 g/t: the sum of light REE varies from 

72.74 to 358.73 g/t, the sum of heavy REE varies from 16.7 to 34.09 g/t. Element ratios La/Yb 

11.6-33.9 and Lu/Gd 0.021-0.031 indicate a significant degree of material fractionation; Nb/La > 1 

indicates minimal contamination of the parental magma by crustal material. 

On the trace-element spider diagram (normalised to primitive mantle abundances), the studied 

rocks show an uneven increase in the content of large-ion lithophile elements and high-field-strength 

elements relative to heavy rare-earth elements. This may indicate the evolution of the magmatic melt 

under conditions of interaction with a crustal material of elevated alkalinity [27]. Low and decreased 

contents of compatible elements such as Cr, Ni, Co, etc. may suggest an anatectic nature of mantle 

melting in the magmatic source and its relative depth. 

To reconstruct the geodynamic settings of mafic volcanism, discrimination diagrams proposed 

by various authors were used (Fig.6). The imaging points corresponding to the metavolcanic rocks of 

the Trollheimen Fm. fall into the fields of alkaline intraplate basalts and ocean-island basalts. On this 

basis, these rocks can be interpreted as intraplate magmatites formed during continental rifting. 
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Fig 6. Discrimination diagrams for basaltoids: a – TiO2 – MnO×10 – P2O5×10 according to [28];  

b – FeO – MgO – Al2O3 according to [29]; c – Nb×2 – Zr/4 – Y according to [30]; d – Hf/3 – Th – Nb/16 according to [31] 
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Absolute age determination 

This study was performed on zircons from rocks of the Trollheimen Fm. Metavolcanics were 

sampled in the area of nunatak Spiret (samples 4969-4 and 4969-6) and in the upper part of the western 

slope of the Esmarkbreen Glacier (sample 4973-1) (see Fig.2, 3). 

A zircon sample of 30 grains was obtained from greenstone sample 4969-4. The zircon is repre-

sented by colourless, light pink, pink, transparent and translucent angular and rounded fragments, as 

well as fragments of subhedral crystals, some with inclusions and/or fractures. The zircon length 

ranges from 50 to 122 µm. In the CL images, most zircon grains exhibit a heterogeneous internal 

structure, expressed by finely banded oscillatory zoning (e.g., grains 1-7, 11-13 in Fig.7, a), charac-

terising the magmatic origin of the zircon. 

A concordant U-Pb age of 563.2 ± 3.6 Ma (MSWD = 0.17, Fig.7, b, Table 2) was recorded for 

thirteen analysed zircons. The U content at the analysed points varies widely from 56 to 447 ppm 

(antennary points 11 and 6 in Fig.7, a). The Th content varies from 26 to 442 ppm (antennary points 

1 and 4 in Fig.7, a). The lowest contents of these elements are observed in the lightest areas of zoning 

in grains in CL images. The Th/U ratio in dated zircon varies from 0.36 to 1.04, averaging 0.69. 
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Fig.7. Results of isotope dating of zircon from metavolcanics of the Trollheimen Fm.: 
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A sample of zircon grains from the greenstone rock of sample 4969-6 comprised 100 grains. 

Zircon is represented by colourless and light-pink, transparent and translucent angular or irregular 

fragments, subhedral crystal fragments, and rounded grains; some grains contain inclusions and micro-

fractures. The elongation of zircon grains ranges from 55 to 159 µm. In CL images, zircon exhibits  

a complex internal structure with clearly expressed oscillatory zoning (e.g., grains 4-10 in Fig.7, a). 

A concordant U-Pb age of 574.1 ± 4.3 Ma (MSWD = 0.0053) was obtained for nine out of ten 

grains (Fig.7, b, Table 2). For grain 3, an ancient U-Pb age of 1675 ± 18 Ma was recorded. This grain 

stands out against the background of other dated varieties due to its rounded shape and integrity, 

whereas the remaining grains are represented by angular fragments (Fig.7, a) and feature a light (near-

white) rim in the marginal zone. U content in zircon varies from 113 (analysis point 4 in Fig.7, a) to 

272 g/t (analysis point 10 in Fig.7, a). Th content is more variable, ranging from 65 (analysis point 4 

in Fig.7, a) to 155 g/t (analysis point 10 in Fig.7, a). As in the previously described grains, the lowest 

U and Th concentrations are found in the light zones, while the highest concentrations occur in the 

dark zones in CL images. The Th/U ratio ranges from 0.42 to 0.87 (average 0.60), with the maximum 

value characterising grain 3. 

A zircon sample from metandesite sample 4973-1 comprises 85 grains. Zircon is represented by 

light pink-brown, transparent, prismatic crystal fragments; some grains contain inclusions and/or  

microfractures. Zircon length ranges from 57 to 223 µm, with an elongation ratio of 2.6-2.7. All 

zircon grains are crystal fragments; oscillatory zoning can be observed in some of them (e.g., grains 

4, 6, 8 in Fig.7, a).  

A U-Pb age of 558.3 ± 4.3 Ma (MSWD = 0.34) was obtained for seven out of ten grains (Fig.7, b, 

Table 2). Grains 2, 9 and 10, which appear nearly black in CL images (Fig.7, a), yielded older ages 

ranging from 2721.7 ± 6.0 Ma to 2632.5 ± 4.2 Ma. U content varies from 35 to 1890 g/t, Th content – 

from 17 to 1741 g/t, and the Th/U ratio – from 0.04 to 0.95. The highest U and Th concentrations are 

characteristic of the oldest, darkest grains in the study set. 

Discussion 

The data on the study of the sedimentary-volcanic sequence described in the inner regions of the 

southern part of Oscar II Land (and presented above) allow confident identification of metavolcanic 

rocks in this area, associated with the Vendian tectono-magmatic activation that occurred here at 

574-558 Ma. 

Vendian-age complexes have long been known in Spitsbergen. Initially, they were generally 

described as terrigenous, forming part of the Caledonian basement of the archipelago. Later, a 

study [1] emerged in which the Vendian complexes of Spitsbergen were interpreted as “platform-

like”, and the presence of coarse-clastic varieties (tillites) within the terrigenous succession was pro-

posed as evidence of a major tectonic activation. In turn, A.A.Krasilshchikov [10] describes the Ven-

dian complex of the archipelago as carbonate-terrigenous, characterised by fossil assemblages. This 

provides grounds to assume that during the Vendian, a specific tectonic and physiographic setting 

existed in the Spitsbergen region. This setting led to a molasse-like appearance of the Vendian for-

mations and was associated with a general uplift of the archipelago’s area. 

W.B.Harland [20], summarising many years of research on the Vendian deposits in Spitsbergen, 

suggests that the Vendian sequences in the Oscar II Land area (the St. Jonsfjorden and Comfortless-

breen groups) formed in a rift structure under conditions of alternating glaciation and volcanic epochs. 

According to the author, the highest intensity of volcanic processes occurred during the accumulation 

of the upper section in the St. Jonsfjorden Group. However, the authors of the geological map of the 

southern part of Oscar II Land (scale 1:100,000) [21] identify the volcanic sequence of this area as 

the Trollheimen and Løvliebreen formations, date them as Mesoproterozoic, and describe a structure 

where these formations make up the core of a large anticline. 
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Thus, the question on the origin and age of the volcanic rocks of the Trollheimen Fm., as well as 

their place in the overall structure of the region, is fundamental. In a similar structural-facies zone, 

south of Oscar II Land and in the northern part of WJL, a sedimentary-volcanic sequence of Vendian 

age – the Chamberlaindalen Series – was described [6]. The geological and petrological framework 

of this sequence are largely comparable to those of the metavolcanic rocks of the Trollheimen Fm. 

The zircon ages obtained from rocks of the Trollheimen Fm. allow identifying a new Vendian straton 

in this part of the archipelago. The rocks of this straton correlate well with the metavolcanic rocks of 

the Chamberlaindalen Series in terms of age and other features. These include, first of all, the sub-

alkaline and alkaline composition of the Vendian metabasites and their formation under intraplate 

continental conditions. 

The key issue is the relationship between the Vendian volcanic sequence of the Trollheimen Fm. 

and the previously identified Vendian terrigenous deposits of the Comfortlessbreen Series in the same 

area, which were characterised paleontologically [22]. In the northern part of WJL, two Vendian-age 

series – the terrigenous Cap Lyell and the sedimentary-volcanic Chamberlaindalen – occur in the 

stratigraphic sequence on the basis that tillites of the Cap Lyell Series lack clasts of mafic volcanic 

rocks that make up the Chamberlaindalen Series sequence [6]. A similar situation is observed in the 

study area: during mapping of the Comfortlessbreen Series rocks, no clasts of mafic volcanic rocks 

were described in the metatillites. Data from British geologists [20], who conducted statistical obser-

vations of the petrographic composition of clasts in these rocks in the Oscar II Land area, confirm 

this: among the clasts in the tillites, dolomites, limestones, quartzites, granitoids, and stromatolite-

bearing carbonate rocks are described, but mafic volcanic rocks are absent. As another marker, we 

should cite data on the age of detrital zircons from the Vendian tillites of Nordenskiöld Land (NL, 

south of Oscar II Land). In the cement of these terrigenous rocks, zircons with ages of 2453-1659, 

1503-1383, 1353-1009, and 961-726 Ma were identified. In the same conglomerates, the age of zir-

cons from granite boulders was studied – 2103-1448, 973 ± 10, and 656 ± 5 Ma [32]. It is important 

to note that in sandstones of the Carboniferous of NL and the Lower Palaeozoic of WJL, detrital 

zircons with ages in the range 540-510 Ma were identified [32, 33]. Therefore, it can be assumed 

that the volcanic rocks of the Trollheimen Fm. were formed later than the tillites of the Comfortless-

breen Series and should occur higher in the Vendian sequence. 

To clarify the structure of the area, the authors of this paper analysed all available data on rock 

dip and strike, incorporating data from previous researchers. The obtained result aligns best with the 

concepts proposed by W.B.Harland [20] and demonstrates the presence of an inset structure in this 

area, which can be interpreted as a graben. The cross-section (see Fig.2) shows its western shoulder 

(the eastern flank is truncated by a later structure – the West Spitsbergen graben-like trough). 

Conclusion 

We obtained absolute age dating of rocks from the Trollheimen Fm. Based on these data, the 

sequence that W.B.Harland [19, 20] considered as a single coeval straton should be stratified into two 

units of different ages: the Middle Riphean volcanic-sedimentary Løvliebreen Fm. and the Vendian 

volcanic Trollheimen Fm. 

The presence of the Vendian volcanic rocks in this part of Spitsbergen is identified for the first 

time, although it was previously predicted [20]. The Vendian in Spitsbergen has long been regarded 

as a time of activation [1, 3, 10, 34, 35], primarily tectonic [4, 36], as well as magmatic [6, 20].  

If tectonic activation is marked by horizons of the Vendian tillites known in all parts of the archi-

pelago [10, 20] and by assemblages of the Timanian mesostructures in the Riphean rocks [4], then 

the Vendian volcanic rocks are now known from two areas – the northern part of WJL [6] and the 

southern part of Oscar II Land. Similarities in geological setting, petrological profile, and age data 

indicate a common formation mechanism for the two complexes. This also provides a sound basis for 

predicting the discovery of new Vendian volcanic complexes in other parts of the archipelago. 
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Data on the metavolcanic rocks of the Trollheimen Fm. demonstrate that the Vendian volcanism 

in the archipelago is associated with intraplate processes, which were previously described for the 

volcanic rocks of the Chamberlaindalen Series. The results of studying the petrochemical features of 

the Trollheimen volcanic formation – the uneven increase in the contents of large-ion lithophile ele-

ments and high-field-strength elements relative to heavy rare-earth elements – indicate that the 

magma originated at great depths, at the level of melting in the upper mantle [37, 38]. The variation 

of volcanic rocks in terms of alkalinity type, along with the low and reduced contents of compatible 

elements such as Cr, Ni, Co, etc., points to an anatectic nature of mantle melting in the magma cham-

ber, its relative depth, and evolution over time up to the base of the lower crust. The smooth pattern 

of light and heavy rare-earth element distribution, together with the prevailing tendency of composi-

tions towards the field of their occurrence in intraplate continental settings, provides grounds to con-

sider these rocks as products of volcanic activity under conditions of continental intraplate rifting. 
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